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Design, Gender and Major on Verbal Chains

Methodology
The participants in this experiment consisted of 129 college students were randomly

assigned to one of the four treatment groups. Each participant was asked to study a flow

diagram or a text passage, with or without instructive questions, and to take a

comprehension test on its content The first treatment condition (Text Only) required the

participants to read a passage composed only of prose which described verbal chains of

information. The second treatment coedit on (Diagram Only) required the participants to

study a flow diagram presenting the same verbal chains as the text only condition. The

third treatment condition (Text with Instructive Questions) required the participants to

answer the instructive questions as they read the textual passage. The fourth treatment

condition (Diagram with Ins-maitre Questions) required the participants to answer

instructive questions as they studied the flow diagram.

The flow diagram used in this study was a replica of the flow diagram used in previous

studies by Holliday (1976, 1981, 1983) which described four, related, scientific pathways

or cyclical schemes (see Figure 1). The text passage contained the same information as

presented in the diagram. A textual description of the same linkages was typically restricted

to the use of nouns, verbs and modifiers and presmted in sentence form. An excerpt of the

three page text passage is presented in Figure 2. The list of instructive questions used in

two of the four treatments was of the 1111-in-the-blank" variety and served as an adjunct or

prompt to the diagram or text presentations. The comprehension test (dependent variable)

consisted of 24, four-choice items and constituted a content synthesis of two or more of the

units displayed in the diagram or presented in the texts.

6
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BACTERIA

OF DECAY

From "Teaching Verbal Chains Using Flow Diagrams and Texts" by W.G. Holliday, 1976,
AV Communication Review, 24, P. 69. Copyright 1976 by Author. Adapted by permission.

Biogeochemical Cycles 8



7
Destcn, Gender and major on Verbal Chains

Biogeochemical Cycles

Clouds form when moisture in the air condenses on small particles of dust or other

solid particles in the air. Moisture from trees and other plant (transpiration) form the

clouds. Water vapor that condenses and farms clouds often falls to the earth in the form

of rain. sleet. snow. or hail. Water that falls from the atmosphere to the earth is called

precipitation. Some water that falls to the earth goes into the ocean through runoff.

Some water goes into the ground as seepage. Tees and other forms of plant life use

the water.

Oceans play an important part in the hydrologic cycle. During this cycle. the sun's

rays heat the surface of the ocean. causing the water to enter the atmosphere as water

vapor (eviiporation). Seepage and runoff replenish the ;water of the ocean.

Oxygen in the air contributes to the functioning of trees (plant life), and deer

(animal life), through respiration. and by cars (machinery) and factories (industry)

through combustion. Plant life provides the main source of oxygen in the air through

the proe:ess of photosynthesis. While oxygen contributes to the functioning of trees.

deer. cars and factories. these same things add carbon dioxide to the air. Carbon
dioxide is absorbed by trees and other plant life daring photosynthesis.

Figure 2. Excerpt of the three-page text passage. The text passage was used as
a single treatment condition and as part of a second treatment condition.

The content accuracy and the degree of information equivalency of the instruments used

in this study were validated by a panel of four experts who have taught in the field of Earth

Science. The individuals on the panel represented a cumulative teaching experience of 67

years at either high school or college level. The comprehension test produced a

Kuder-Richardson reliability coefficient of 0.531.

This experiment used two independent variables: (1) Presentation Type, and (2) the

Presence of Instructive Questions. There was a single dependent variable, the mean score

achieved on the comprehension test. This experiment used a posttest-only equivalent group

design. The data collected from the participants was analyzed using a 2 X 2 factorial

analysis design. An Analysis of Variance (ANOVA) was used to determine statistical

significance [Alpha = .051. Figure 3 illustrates the research design.

9
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8
Design, Gender and Major on Verbal Chains

Presence of
instructive
Questions

No

Yes

Type of Presentation

Text Diagram

(Control)

The dependent variable is the comprehension test score.

Figure 3. 2 X 2 Factorial Design
ffiimmiszCitx.

Results
The results of the analyses indicated the following:

1. Diagrams are a more effective presentation type than texts.

2. Instructive questions do not enhance learning effectiveness as an adjunct to the

two presentation type.

3. There was no differential advantage between presentation type and the use of

instructive questions.

4. There was no significant difference in performance across gender.

5. There was no significant difference in performance across education and

non-education majors.

Table 1 provides a summary of the mean scores, standard deviations and number of

subjects across all treatment groups. Table 2 contains the summary of the 2 X 2 factorial

analysiils of valiance.

10
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9
Design, Gender and Major on Verbal Chains

Table 1

N - 129 X - 16.74

Group n Mean SD

Presentation Type

Diagram 64 17.81 2.81
Text 65 15.69 2.43

Instructive Questions
With 64 16.11 2.66
Without 65 17.37 2.86

Text Only 33 16.06 2.09
Diagram Only 32 18.72 2.86
Text with Instructive Questions 32 15.31 2.65
Diagram with Instructive Questions 32 16.91 2.36

Note: Maximum possible score 24.

Table 2
Slizammy ANOVA Table of Presentation Type and Ptvgnivorjuktogive Questions

DP SS MS P P

Presentation 'type 1 145.73 145.73 22.436 .0001**

Instructive Questions 1 52.85 52.85 8.137 .0051*

Interaction 1 9.13 9.13 1.406 .2380

Error 125 811.94 6.50

2 < .01
°iv: .001

..d

11
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10
Design, Gender and Major on Verbal Chains

Figure 4 is a graphic presentation of the mean scores for each of the treatment groups.

20

19

18 Diagra

17

i6

15

14

= 18.72)

= 16.00)

= 15.31)
Text

Max. Score Possible = 24

= 16.91)

Without With
Instructive Instructive
Questions Questions

Figure 4. Graph of Main Effects Means.

N=

X=

These result; strongly support Holliday's (1976) study of flow diagrams as an effective

medium when teaching verbal chains. The first hypothesis' of the present study, that flow

diagrams are ire effective than texts when presenting cyclical information, istvccepted. An

explanation for this occurrence is that flow diagrams have as a primly attribute the ability to

present spatial relationships of entities which reinforce a predicted response (Dvrier & Dwyer,

1989). 'We know visualization is capable of: stimulating curiosity, fmilitafing organize' ',it,

Illustrating data, focusing attention, &drying information, stimulating interest, raising

questions, spanning linguistic barriers, facilitating retention of information, increasing

ccammmication reliahility, isolating learning cues, facilitating discrimination, introducing new

informatice and initiating discussion' (Dwyer & Dwyer, 1989, p. 2).

The results for this study also favor the overprampting theory (Anderson & Faust, 1967;

Anderson, Faust & Roderick, 1968; Faust and Anderson, 1967; Holliday, 1981,1983) which

basically states that providing students with strong hints to the answers of questions can do

more harm than good. The second hypothesis of the present study which states instructive

questions eiihnnee learning effectiveness of the presentation type (diagram or text) is rejected.

12
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11
Design, Gender and Major on Verbal chains

The data in this study indicated that student comprehension of verbal chains is inhibited when

diagrams are employed together with instuctive questions. From 4111e milts of tie pramt.

study, consistent with Holliday's (1981) findings, it is recommended that researchers and

teachers be cognizant of the fad that encouraging students to focus selective attention on a

sampling of criterial information can result in inadequate processing of such specialized

instructional materials as flow diagrams. The use of adjunct questions wita, flow diagrams is

worthy of further investigation with regard to how adjunct questions can be incorporated into

instructhmal methods without interfering with the way students generally study content

information.

However, a secondary analysis of the data revealed that of the 129 participants, 103 were

females and 26 were males. This raised some questions regarding gender as a confounding

variable. It was also noted that 66% of the participants were education majors and thus raising

additional questions regarding cmriculum as a confounding variable. To answer these

questions this study examined the performance of male and female college students, and

education and non-education rzajots when using diagrams or texts with instructive questions to

learn verbal chains. Statistical analyses controlling the type I comparisonwise error rate

(Duncan's Multiple Range Test) and type I experimentwise error rate (Scheffe's Multiple

Range Test) indicate no significant difference in comprehension test scores between male and

female participants E(1,125) = 2.78, 2 > .05, and no significant difference in comprehension

test scores between education majors and non-education majors f(1,125) = 1.34, 2 > .05.

Therefore, the results indicated by the initial analyses is confirmed.

Conclusions
Media-related researchers need to continue to develop the 'broad picture' of flaw diagram

use in instruction. Diagram type, such as picture-word diagrams (Spangenberg, 1971) or

block-word diagrams (C-ropper, 1970), diagram complexity, such as word-picture ratio, and

diagram resolution are considerations for future research on diagrams.

While we live in an age of visual media, few people learn graphic techniques that apply

graphically literate layout strategies. Overhead transparencies, page layouts and bulletin boards

usually present a flow of words down the page in straight text or outline form. There is a need

to practice more enlightened visual strategies in the classroom by maximizing the use of

diagrams (Weisberg, 1970).

Despite the widespread and increasing use of instructional graphics empirical support is

needed that will enable diagrams to be effective as a medium on the basis of their instructional

qualities rather than on their decorative qualities (Bates, 1981). Flow diagrams have generally

Annual L1o3nference of the Eastern Educational Research Association
P r sranch. Instructional Design Development & Evaluation Feb '90
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Design, Gender and Major on Verbal Chains

been designed to supplement visually the information presented in texts. We must begin to

interpret flow diagrams as an integrated component of a total learning strategy. More evaluation

and analysis is still required on how verbal - visual relationships and prior knowledge affect

diagram effectiveness. A more informed theoretical understanding of how learners with

different levels of prior knowledge relate to varying amounts of descriptive text in diagrams will

assist media-related researchers in forming clear criteria for designing efficient teams
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